
v

r

BOEING

Shuttle Ground Operations
Efficiencies/Technologies Study

AEROSPACE OPERATIONS

CIRCA

 i ii iiii iii ii ii!ii ii i ii ii i iiiii ii ii i ! i i iiiiiiii!iiiiiiiii!iiiii!ii iiii!ii!i i ii! i  iiii i  ii iii i i   !       i i  iii i iiii!iii i !i!iii!iiii iiiiiiii!i!!i!ii!i!i!i iii!iiiiiiii!  i! iii!!i!ii!iiiiii!ii!iiiiiiiiiii!i!i!iiiii 

W. J. Dickinson

KSC Study Manager

• (407)867-2780

KENNEDY SPACE CENTER

NAS10-11344
May 5, 1988

i i iii i iii iil|lllJll iiii ii •

A. L. Scholz

Boeing Study Manager
(407) 867-2334 •





SHUTTLE GROUND OPERATIONS

EFFICIENCIES / TECHNOLOGIES

STUDY
PHASE 2 FINAL REPORT

STUDY REPORT

Volume 1
Volume 2
Volume 3

Volume 4
Volume 5
Volume 6

Executive Summary
Final Presentation Material

Space-vehicle Operational Cost-drivers Handbook (SOCH)
Part 1 Cost Driver Checklists
Part 2 SOCH Reference Information

Simplified Launch System Operational Criteria (SLSOC)
Technology References

Circa 2000 System

Volume 1 EXECUTTVE SUMMARY
The Executive Summary provides an overview of major elements of the Study. It summarizes the

Study analytic efforts, the documentation developed, and reviews the recommendations resulting from
the analyses conducted during Phase 2 of the Study.

Volume2 PHASE 2 FINAL ORAL PRESENTATION
The Final Presentation Material volume contains the charts used in the Final Oral Presentations for

Phase 2, at KSC on April 6, 1988: A brief, overall review of the Study accomplishments Is provided.
An indepth review of the documentation developed during the last quarter of Phase 2 of the Study is

presented. How that information was used in this Study is explained in greater detail in Vols. 3 and._4....
............ An initial look at the'lopics planned for the upoomlng Workshops.for GovernmentJIndustry is presented._

along with a cursory look at the results expected from those Workshops.

Volume 3 SPACE-VEHICLE OPERATIONAL COST DRIVERS HANDBOOK (SOCH)
The Space-vehicle Operational Cost drivers Handbook (SOCH) was assembled early in Phase 2 of the

Study as one of the fundamental tools to be used during the rest of the Phase. The document is made up
of two parts -- packaged separately because of their size.

Part 1 Presents, in checklist format, the lessons learned from STS and other programs.
The checklist items were compiled so that the information would be easily usable

for a number of different analytical objectives, and then grouped by disciplines or
gross organizational, and/or functional responsibilities. Content of the checklists

range from 27 management; 11 system engineering; 8 technology; and 19 design
topics -- with a total of 793 individual checklist items. Use of this Handbook to
identify and reduce Cost Drivers Is recommended for designers, Project and
Program managers, HQ Staff, and Congressional Staffs.

Part 2 Contains a compilation of related reference information about a wide variety of
subjects includlng ULCE, Deming, Design/Build Team concepts as well as current and

previous space launch vehicle programs. Information has been accumulated from
programs that range from, Saturn/Apollo, Delta, Titan, and STS to NASP and
Energla.

Volume 4 SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA (SLSOC)
The SLSOC document was developed from the generic Circa 2000 System document, Vol. 6; is similar in

content; and also indicates the manpower effect of the elimination of many STS-type cost drivers. The
primary difference between the two documents is the elimination of all generic Circa 2000
requirements (and support) for manned-flight considerations for the ALS vehicle. The data content of

the two documents, while similar in nature, was reorganized and renumbered for SLSOC so that it could
be used as the basis for various panels and subpanels in an ALS Workshop.
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PHASE2 STUDY REPORT (Cont'd)

Historicaldata is the basisfor the conclusionthat incrementalimprovementsof technologyand
methodscannotsignificantlyimproveLCC (by an order-of-magnitude)withoutmajorsurgery. A
systemenablingthedevelopmentof a radicallysimplifiedoperationalconcept,reflectedin SLSOC,was
includedso that proposeddesigns(andoperations)couldbe comparedto systemsprovidingfor
simplicity-- rather than the current STS complexity.

The identified operational cost drivers from STS plus other historical data were used as background
reference information in the development of each example concept designed to eliminate cost drivers.

These example concepts, when Integrated, would support an order-of-magnitude cost reduction in

current (STS), exorbitant Life Cycle Costs (LCC). Individual operational requisites were developed for
each element in the associated management systems, integration engineering, vehicle systems, and

supporting facilities. These have associated rationale, sample concepts, identification of technology
developments needed, and technology references to abstracts. The technology abstracts are provided in

a separate volume, Vol. 5.

Technology changes almost daily, thus past trade studies may no longer be valid. In addition, old
"trades" often used inaccurate _ of "real" operational costs. Vehicle designs are compromises

and have been performance oriented with operations methods/techniques based on those designs. It is
the intent of our example concepts in the SLSOC to stimulate design teams to Improve or replace

conventional design approaches. Obviously, it is up to the responsible oroqram desianJteams to provide
design solutions to resolve operational cost drivers.

Volume5 TECHNOLOGY REFEFF_NCES
This document provides a repository for the Technology References for the SLSOC and the CIRCA 2000
System documents. The technology references, mostly from NASA RECON, are supplied to the reader
to facilitate analysis on either the SLSOC or the CIRCA 2000 System documents. Some data references
were also obtained via DIALOG. If more teshnical information is desired by an analyst,-he mustobtain_:-

the additional documentaiton thru his library or from some other appropriate source. The XTKB

(EXpanded Technology Knowledge Base) provided a user-friendly tool for our analyses in Identifying
and obtaining the computerized database reference information contained in this document. Thousands of
abstracts were screened to obtain the 300 plus citations pertinent to SLSOC in this Volume.

Volume6 CIRCA 2000 SYSTEM OPERATIONAL REQUIREMENTS
The Circa 2000 System Operations Requirements were developed using STS as a working data source.
We identified generic operations cost drivers resulting from performance-oriented vehicle design

compromises and the operations methods/techniques based on those designs. Those Cost Drivers
include high-cost, hazardous, time & manpower-consuming problem areas involving vehicles, facilities,
test & checkout, and management / system engineering. Operational requisites containing rationale,

example concepts, Identification of technology developments needed, and identification of technology
references using available abstracts were developed for each Cost Driver identified. Elimination of cost

drivers significantly reduces recurring costs for prelaunch processing and launch operations of space
vehicles.

NC)_: Volumes 1,3,4 and 5 are being widely distributed. Volume 2 is a copy of presentation material

already distributed and Volume 6 will be distributed only on request. Copies of the full report
will be placed in libraries at NASA HQ., JSC, KSC, MSFC and NASA RECON. Individual volume

copies may be obtained by forwarding a request to W. J. Dickinson, KSC PT-FPO, (407)
867-2780.



oz_
Z n-

UJ

2,-rp

...,....._
iiiiii!i!!i
,.....-...
:+:+:.;



Ill

W

_m

Z

O
-Z

LL



_.........iiiMiiiii,
::::::::::::::::::::::

iII

z
o
I,.-
z



0_ v

>_

°° E" _ m
ILl

o_

U.!

,<
"1"

- _e_e e_._N
o E

e_

._ ,_-_ o _ ___ ,_

eL_ __agg =$ .9.o o

"o _ o o
_- 0

o_ ._- o

E _0 x
o _ m E
(J
v

.o .= _ .,-' o

"0 0 0 _- 0
,,< ,", _ o o



n

_e

z_



LLI
._J

O0
_UJ
I--7-
coo

coi--

ILl

i

I

n.

1[

_m

t.h

_ Z
R.

LIJ

D
_ O

_ z

BI

p ii

P, ii

ii p

,'

£

ii
k

m m

--_-

I I/1

I/I

m

14'1

I/I

ml/1

I¢ ,,¢']

,--'H

II

a

_,fl!

_w/

Cg _ -

_2
m m

0.

Ig

m

O

Z

O

im
16

Z

,-)

m

n



>-_
aO

b-u_

_LLI
LW(_O

o=<
£0o.

ii

(_ O. a.

\

L_

m

'_Id N,j

:i'iii:

• _liii!iii'_

:i
' I

i

.4 i.-4

- l

i

!ioll, 
_@@@@

t_

I
0001



W
i;L

0

z z_

0.





0

-. -9



rl,-



W
o') n_
W n

Z

!

q

a

_z

m_

o_

-r-

_ Z

z_
w w

0 • E •

_ 0

Q • •



w

w I_
n,- ,_n

UJ

7"

8
CO

a.a. -_

v

I--
Z
W

111

o
_c _ E

W v O_ --_- 0

0 0

W Z v --

z _ o x- m
u.! LU 0 O0W 7- W "_

- _z o m

u.l GO UJ

m w
w _ 0 z
-J w Z Zm m _- w
0 o_ 0 co _.
rTr" _ 111 W O.O. I-- a ,_

• • • • •



§
o

z



)-

-+
Q.

+ ,I+.1!I.I ,1
,, Ij,l_ i ',+<-_+
l_i_l_ :_.'..;::':+::.+:::.+

5" I I.,I,i
I I _''_+'

-il ...... IT
_i_i!i_ii!i!iii]iiiiiiiiiiiiii:I_ iiiiiiiiii_i

......iiiiiiiiiiii]ii......... _:.:_

Ill ........_:_z:_:_w_

- :::-i-::ii::_:]iii..............ii.T ? ::!_:._i

O lind IT

• • • LL •

+ lli+.+
010 •

+2!l!+!-t°'!+

m,,.+,.!!,°,..+,+'+!!iI'+!!iI+iI!II

i! _.

t :
°++!I

OlO O000000000IO

!°+



W b_

a._





0 "-

W _ .

w o.

_ o

"_0__

w< ,

-n_

>- j
O<Z

_ ..--_ z

O<w



-, • -.,

_ ?_'

, .,, _{
• y-:









u.J

LLI O.
O: ,,<O.

>..
a

o
azo_
z-r.

8,o,,_
n.._Z

I

u_ _-
1.1.1

_z

ffl

"r,,1
r o .-.r-



__-_ _oo _o-7 _ _ _- n-

l-

iol
_7

oO •





(DOO0
Oh

O_

Q







oooo

ot



(30CO
0"_

.e-

UJ

0

0

,.9o

V

03



co
o'h

iT::

O3



COO0

0
(.9



0

0

.°_

+

2..

+:

• '2





[_ (30(30
oh

03



O0O0
.'...> :.::

r"

:i":.

"\



,%

i



oooo z

f

. - ?



_0<3o

=o

0

03



,,,v _
rr" ,_

0

cO

I

a
i-
co

I
_.1

ii
0
LU

I--
rJ

I--
ruO

z2_

o_ °

I--4

1
A

0



w

w Q.
tr ,_a.

III
tT"

b-
0
W

7-

rr

F-
1.1.1
Z
OZ
W

Z

r7
0

a

o.o-



• _ -- ........... ..........

IJJ
l--

ILl

O-

Z

ii

0
Z

i

.... _ _ _ _,_. _ "-_-',_'_ ",_'_ _-- 7 ¸ _,T_



_.,_T._

-__1_._
o.



_rr _

__
0

n _'_

01! I
O O • O • O •

• n •

._,,_1_



cOcO
o3
r-I



oooo
Oh

"0
Q)
I.-.

- r: -

..f-

r



co

°

co

b
z

0 t-X3 t_O
0 •

g s_, f..

£._ _°
o _ .._

"0 0 0 o_o

t_O I-- I--0

o _
0 _

t_

• "2;_



[')

%,

.'[[ .-\ _

_-:



o
Eo

_o

CO



oOcO

(D

._ !_,_ • ;_

; ,?--.,



rr

";2"_,L.

-22 L

;iC



W

w 13.

Q.

a
W

U_
m

_J
13.

hl',l



oo
oh

o_
13_

(i,)

F=

O3



--Z,

ii1
t--

LU

Q.

[g
Z

i.1_

0
Z



z

n

W

7



w '_

LU n
re ._n

h

!

a
LU
m

LL
_.i

n

i--_/:"% __l_;_

.. _- - . ".- -j; _ ¢. • i_

" Z - k

n o
•_=. ii ._,.
e=
_rr

•

e,- e,-

_ __

_',_._ _. ,.



COO0
O_

=i



oO

8

oo
Z

0



.7

• = _

°.



O_
(1)

LT.

%



:_._i_!'

r,r_



@

z_



fr

_6



_D



u_
_D



oo_o

o -u_o.



8

0

• f "

".:. 21..

?-



o

Od

n

15
Z

a)

m__._

,J

(D

_ 7



oooo
oh



ooooO_





oooo

r,

r

ol
r_

........... -_..---_ ....... _ .-- _---_W._.---/_-- -._ ] _-'-'-



=,,

..,=."-

i



cO

LLI

o

O3

'*'-" 0

t'-"

_o _,

E '_ _

_. _- &o
o "6_ x ",

_ _,o

.,.., _ Eo

0 _

t',,.

i

- . ?

1.

,':.

..,..

• - -.



• _ .... .--

- 7-_.



a

li
I_

!"'"'

i+iw n

!=°
Ow
zN

5_

i!+
>-j
CI Z

u?ff)
O_m



ooco ¸
o'_

r_

e-

o_ o'_ o_



oo
O_

0



oOco

O0

<

Or]

E _=

I,_

4-J I._

_o c _
E o__

0 _

"0 C

t:_ _ _- _ Z.o _- _.

_.e-e"

_ F- E _o_-_-

r,,



.o

_ _ o
_o •

-o "_ z

_- ._

'_,. "-"5 n _ _ "" "-
",_' 0 0_o_ _ o_-_
f::: _ _o

o___ ooo

"t



oo
oh

b3

S

CO

iT



coco
0"_

!
I.,=.

z 0

0

a:

=

- -L

n



.... : ' _L _; _..I_.::-._!...... .... .....



q •

,-¢.

f



ooCO



D3

r

• r

k:



ooco

,_Eo

C "-
>_ 0

•_ "_ -o

._-_ r= z

.olO_ ,T
o =_=_
"0 _ 0 _0_

-_ .,
._N _

_-' 0 .-I-

-_ _ _o_2"_ _ - _ o_"
A ¢_ (I) _ o o

E o
o • -=_ _o

o



oooO
0"_

7O

rjj



ooooo7

O.

o

0

_ o_

o c "_
o_W _--"

._> _

0 _) _. t-
O _-

0

o
O.
LU
n,-

-.I
,<
Z
m

I.I-

0

I

0 (n _ _..

__ >, ._
__ _ _o.- 8_ _-_

_-- _ oC_C_
_ _" _ _'8° o

_. __,_ __ _o_==
0 0



O0
Oh

_o



uJ

iii o.

o,.

a

o

0 rr'
aZQ_

-Z ,I-,

n'l-- Z

m_

U_ a-
l.t.!

__,_o

i iiiiiiiiiil
_. iiiiiiiiiiiii_iiiiiiii_i_iii!!!!iiiiiil

i!!!iiii!iiii!i!!iiiiiiiiiiiiii!!iL_
iiiiiiiiiiiiMiiiiii!iiii!i......

...................................iiiii_

!_i_!i!i!i!!!ii!ii_iiiiiiiii!i!!iiiiiiil

_: ...................................iiiiiii

_/_ iiiiiiii.:_ii!iiiiiii!i
iiiiiiiii!iiiiiiiiii

iiiiiiiiiii!_i_!i!i!!!i!_iiii_!_i il !

_i!i!!!ilMM!iiiiiiiiiiiiiiiii
_iiiiiii!!_!!iiiiliiiiiiiiii_



4_

o_ ®



v

<

0

o_

'I_ llil

!! !!!!!!!



I,.U

I..U I:l.

>___

_,,=,
>
V

_z z_



<

v

<_
0:
0

_,,j
Q._Z
_zO_

__o
o_ _



W

O<
w_

0





W

W

I_

Z

0
Z



0



G

oo '_ oo

_n"

0

_Z

a..

• • • •



0
ILl

o
x

_ x o

o.. °e
1 _

o z _.,_ 0 __-

_ ¢0 B _a v"

__ o_

"o . .$

° .

r,

.o,

7:



2"

i r _

\

.A





1:1.

0 .C:

e- <i)
o o

°_o

0

.t

o.

i_ -'_

.. _ _. . - .:. . .



(_

,<

r,.D

=o
a..

• i

>'-._

2____

IJ.I

o_

° _"" _ 8 _ _: _,

_oO__ =o .o _

.c_

_, - _;-,; oo

o_

_o'_ ._"_ _ _-_,_ -_._
o _ .._ ._

6 _.__o _o

o .=_<. _=_

0 I-

===_o e'6"_

uf_
0



_v

o

W

o_

LU

0



i,

o



W
I--

W
(9
,,_
O_

(.9
Z

I.I_

0
Z

e,,,,l



J_J

cO_





,i,m _'I



SHUTTLE GROUI_D. OPERATIONS EFFICIENCIES/TECHNOLOGIES STUDY

DISTRIBUTION LIST

Aerospace Corp.
P. Portanova M5/558

J: F. Ramon M5/551
Boeing Aerospace Company

Huntsville J.B. Winch JA-63

Seattle V.A. Caluori 8C-59

J. J. Derbes 8A-08

D. L. Gregory 8C-59
S. I. Gravitz SE-69

D. W. Hahn 40-57
Boeing Aerospace

N. L. Bender

D. W. Todd

D. L. Morehead
General Dynamics

N. Krumm, Dr.

J. J. Morgan
W. C. Strobl

M. Waddoups
So B. Seus

J. Washburn

D Schmidt
Hughes Aircraft

J. J. O'Connor
LSOC

J. A. Walker

G. Oppliger
H. Lambert

K. K. Wagy
C. W. Floyd

G. Page
M. W. Edson

W. W. Brett

L. L. Yount

G. E. Artley
Martin Marietta

Denver J. Blackwell

B. Zehnle

KSC C. DiLoreto
C. W. Case

Michoud B. Tewell

RAND Corporation
E. Harris, Dr.

Rocketdyne
R. L. Mc/4illion

Operations-Fla
FA-20

FA-30

FA-30

MZ 2635

San Diego, CA
C1-7102

Ft. Worth, TX
MZ 23-8430

_SS

GD LC-36
Company

Los Angeles, CA

LSO-001

LSO-013
LSO-178

LSO-178

LSO-178

LSO-010

LSO-419

LSO-330

LSO-012

LSO-389

G6802

G6802
MMC-30

MMC-G

3001

Santa Monica, CA

FAll

McDonnell Douglas Astronautics Co.
S. J. Obermeyer
W. Gaubatz, Dr.

C. L. Kirkpatrick
H. Sams

E. Sanenger
K. T. Sory
D. Paul

Huntington Beach, CA
Huntington Beach, CA

St Louis, MO

St Louis, MO

Huntsville, AL
I_AC -ICSC

I_)AC -JSC

Rockwell International Corp.

L. W. Goodmon ZL96

J. Hanley AD21
J. E. Huether ZL96

R. Gulcher Lakewood, CA

E. Brown Los Angeles, CA

L. Moon Conoga Park, CA

Teledyne Brown Engineering

D. DeLong Huntsville, AL

USBI" Booster Production Company, Inc.

H. P. Blanks Huntsville, AL

J. H. Beardall BPC-PI
Pratt & Whitney

C. Sypniewski
SAIC

J. Kleperis

IDA (Inst. O_ De_.
R. G. Fink, Dr.

VI _,0 I_vesz, Jr.

West Palm Beach, FL

AMXS RESEARCH CENTER
H. L_u__ Dr. RI 244-7

NASA-JSC
C. Teixeria ED2

NASA-KSC
W. J. Dickinson PT-FPO (3)

T. A. Feaster PT-FPO
R. A. Gerron SF-ENG

T. C. Davis PT-TPO

C. A. Bachst_in CP-APO

E. J. Hecker, Dr. TM-PCO-2

J. Co McBrearty GO-SIO
G. A. Opresko SS-LSO

E. A. Reynolds NE

J. R. Reynolds RT-SAF
W. H. Rock PT

G. T. Sasseen GM

L. L. Schultz DD-MED-33

J. M. Spears PT-TPO
D. C. Stout AC-REQ

R. W. Tilley SS-OCO
S. L. White SI-PRO-62

A. N. Wiley GO-MPO (2)
NASA-LaRC

P. Holloway 103A
D. Morris 365

NASA-LeRC
C. A. Aukerman

NASA-MSFC
D. Lanier PD-34

J. W. Steincamp PD-34

J. Thompson EA-01
C. L. Varnado PF-20

NASA-HQ
D. Branscome M

M. Jacobsen M

J. Cox SSU

C. Gunn ML

O. Bu_gardne r MO
R. Roberts SSE

A. Stofan S

L. Tilt on MT

J. Underwood D

R. Schneider B
AIR FORCE ASTRONAUTICS LABORATORY

L. G. Meyer CR

G. Haberman AFRPL/MK/Stop 24
USAF WRIGHT PATTERSON AFB

Dayton, OH
Analy.) Lt. Col. T. J. Meeks

-Washington D.C. FluCapt'aG'_'r-D iel Kirk
_'mO-KSC 4/18188 _. Z,ev_ Co.

Lt. Col. J. Coleman

Maj. M. Link

Capt. J. Sponable

R. F. Cooper

E. Rachovitsky
USAF-AFSC/SD

Col. J. Wormington
Lt. Col. C. Durocher

Lt. J. Payne
T. Cross

C. Eldred

Capt. G. L. Ourada
USAF'Washington, D. C.

Ms Dana Graves

Lt. Col. R. Bowman
SDIO-Washington, D. C.

col. J. Granam

Maj. E. Tavares

Mr. J. Dryden
Lt. Col. T. Shore

USAF-VAFB
Capt. V. Villhard

USAF-KSC

AFHRL/LRA

AFSC/NAX
AFSC/NAR

AFWAL/POJ

AFWAL/FIGL

SD/CLVH

SD/CLVH
SD/CLVH

SD/CLVH

SD/CLVH

SD/XR

HqUSAF-LEYYA

HqUSAF-LEYM

SDIO/S/ES

SDIO/S/ES

SDIO/S/ES

SDIO/T/SL

6595 MTG/XR

GH-AF-2
SS-LSO-AF

Irvine, CA

• - _ q-


